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We analyzed how conditional survival (CS) after radiofrequency ablation (RFA) for early-stage 
hepatocellular carcinoma (HCC) predicts survival estimates over time.  We enrolled 791 patients with 
newly diagnosed early‐stage HCC (i.e., within Milan criteria) and Child–Pugh class A liver disease 
undergoing RFA. Three-year CS, calculated as CS = S(x + 3)/S(x), was the probability of surviving an 
additional three years, given that the patient had already survived x years. One-, three-, and five-year 
overall survival rates were 96.3, 72.3, and 59.7%, respectively, and were lower for patients with a 
MELD score of > 9, BCLC stage A disease, and AFP level of ≥ 20 ng/ml. However, three-year CS showed 
that patients ablated for BCLC stage A or AFP ≥ 20 ng/ml had the same survival probabilities as patients 
with BCLC stage 0 or AFP < 20 ng/ml from the third year onward after RFA. In contrast, the three-year 
CS of patients with a MELD score of ≤ 9 was always better than that of patients with a MELD score 
of > 9. We concluded that CS showed that the impact of different variables on survival after RFA is not 
linear over time. Information derived from CS can be used to dynamically predict the prognosis of 
patients with HCC.
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Percutaneous radiofrequency ablation (RFA) has been introduced in clinical guidelines as a potentially curative 
treatment for early-stage hepatocellular carcinoma (HCC) since the early 2000s1–3. Survival estimates are 
typically reported from the time of diagnosis of HCC and are estimated via several clinical and pathological risk 
factors such as tumor number, size, vascular invasion, and extrahepatic metastasis and α-fetoprotein (AFP) level, 
age, and liver function reserve1–3. However, similar to the trends in mortality of patients with other malignancies, 
hazard ratios for death of patients with HCC are higher in the first few years and decrease with time thereafter4,5. 
This indicates that the risk of HCC recurrence and, therefore, overall survival (OS), changes over time, and 
thus survival estimates made at the time of diagnosis become inaccurate. Real-time survival probability can be 
estimated using conditional survival (CS) analysis, which predicts the survival probability of a patient who has 
already survived for a period of time6.

Multiple studies have reported changes over time in the CS of patients undergoing resection for HCC7–10. 
However, only one study reported the CS of patients undergoing RFA for HCC7. It enrolled patients with 
Child–Pugh class B liver disease. However, life expectancy is limited in patients with decompensated cirrhosis11. 
Therefore, the present study aimed to define the CS probabilities of patients with Child–Pugh class A liver 
disease undergoing RFA for HCC.

Materials and methods
Definition of conditional survival
Conditional survival can be calculated using the Kaplan–Meier method. The mathematical definition of CS is CS 
(y/x), which is the probability of surviving for an additional y years, given that the person has already survived x 
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years. Let S(t) be the traditional actuarial life table survival at time t. Then, conditional survival can be expressed 
as CS (y/x) = S(x + y)/S(x)6.

HCC registry data at our institution
For this study, data were extracted from the Kaohsiung Chang Gung Memorial Hospital’s HCC registry. The 
data for this registry are prospectively collected. The reference is the Surveillance, Epidemiology, and End 
Results (SEER) Program (https://seer.cancer.gov/), which is an authoritative source for cancer statistics in the 
US. The HCC registry has adopted the original Barcelona Clinic Liver Cancer (BCLC) staging12. BCLC stage 0 is 
defined as a single tumor of ≤ 2.0 cm without macrovascular invasion or extrahepatic metastasis, with an Eastern 
Cooperative Oncology Group (ECOG) performance status (PS) of 0 and Child–Pugh class A liver disease. BCLC 
stage A is defined as a single tumor of 2–5 cm or < 3 tumor nodules of ≤ 3 cm without macrovascular invasion or 
extrahepatic metastasis, with an ECOG-PS of 0 and Child–Pugh class A or B liver disease.

Study population and inclusion criteria
Patients with newly diagnosed early‐stage HCC (i.e., BCLC stage 0 or A) and Child–Pugh class A liver disease 
undergoing RFA between 2011 and 2021 at our institution were enrolled. We excluded patients with incomplete 
ablation. Complete ablation was obtained if no nodular, focal or irregular enhancement after RFA at the ablation 
zone was visible during the arterial phase by contrast-enhance computed tomography (CT) or magnetic 
resonance imaging (MRI)13. This follow-up scan was typically done 1 month after RFA.

The flowchart of patient enrollment is shown in Fig. 1.

Fig. 1.  Flowchart of patient enrollment.
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Overall survival was defined as the time from the date of RFA to the date of last follow-up or death; patients 
were censored at last follow-up. Recurrence-free survival (RFS) was defined as the time from the date of RFA to 
the date of last follow-up or recurrence; patients were censored at last follow-up. Follow-up of patients subjected 
to salvage transplantation was censored the day before the procedure. Recurrence was defined according to 
image studies (i.e., liver imaging reporting and data system [LI-RADS] category 514) or pathology diagnosis1–3.

Definition of well-preserved liver function in Child–Pugh class A liver disease
We assumed that compensated liver function could be stratified with additional granularity using a MELD score 
of > 9 for patients with HCC15.

RFA procedure
All procedures were carried out under general anesthesia or sedation. RFA was performed percutaneously with 
ultrasound guidance using intra-tumoral approach.

The details of the RFA procedure are described in our previous publication16.

Statistical analyses
Data are presented as number (percentage) or median (interquartile range [IQR]). Survival rates were calculated 
using the Kaplan–Meier method, compared using the log-rank test, and applied to the calculation of three-year 
CS. Only variables that were significantly related to patient survival in the Kaplan–Meier analysis were used 
for calculation of three-year CS. The differences in CS between subgroups were compared using standardized 
differences (d). A d value < 0.2 indicated no meaningful difference between means; 0.2–0.5 indicated a small 
difference; 0.5–0.8 indicated a moderate difference; and > 0.8 indicated a large difference or clear separation17. 
All p-values were two-tailed, and a p < 0.05 was considered statistically significant. All statistical analyses were 
performed using SPSS Statistics software (version 25; IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics of the study cohort
In the cohort of patients in this study, 389 (49.2%) were aged > 65 years; 495 (62.6%) were male; 162 (20.5%) 
were with multiple tumors; 459 (58.0%) were with tumors > 20 mm in size; 289 (36.5%) were BCLC stage 0; 502 
(63.5%) were BCLC stage A; 289 (36.5%) had an AFP level of ≥ 20 ng/ml; 330 (41.7%) were hepatitis B surface 
antigen (HBsAg) positive; 376 (47.5%) were anti-hepatitis C virus (HCV) positive; and 378 (47.8%) were with 
HCCs diagnosed by pathology. The median (IQR) body mass index was 25.2 (22.8–27.9) and the median (IQR) 
MELD score was 8.2 (6.8–10.1).

Five-year OS and RFS of this cohort
The median (IQR) follow-up period was 2.3 (0.9–4.9) years. Twenty patients (2.5%) underwent salvage 
transplantation. The five-year OS was 59.7% (Fig. 2) and the five-year RFS was 34% (Fig. 3).

Fig. 2.  Kaplan–Meier curves for overall survival.
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Assessment of OS based on different clinical factors
The five-year OS of patients with BCLC stage A cancer was lower than that of patients with stage 0 disease 
(p = 0.024). The OS of patients with AFP ≥ 20 ng/ml was inferior to that of patients with AFP < 20 ng/ml (p = 0.01). 
In addition, the OS of patients with a MELD score of > 9 was also inferior to that of patients with a MELD score 
of ≤ 9 (p < 0.001). Thus, the expected actuarial patient survival was determined by both factors associated with 
liver function reserve and tumor-related variables (Table 1).

Comparison of CS estimates between different subgroups over time
CS analysis demonstrated that unconditional OS estimates may underestimate prognosis for patients who have 
already survived beyond the initial treatment period. For example, the unconditional 5-year OS rate for all 
patients was 59.7%, whereas patients who had already survived 2 years had a 3-year conditional OS of 88.1% 
(Fig. 4). Similar trends were observed across clinical subgroups: for patients with BCLC stage 0, the 5-year OS 

Variables

Patient survival (%)

p1-year OS 3-year OS 5-year OS

All patients 96.3% 72.3% 59.7%

Women 98.8% 75.2% 65.1% 0.212

Men 94.8% 70.7% 56.6%

BCLC stage 0 97.3% 78.9% 67.1% 0.024

BCLC stage A 95.7% 68.1% 55.0%

AFP < 20 ng/ml 96.7% 77.4% 65.1% 0.010

AFP ≧20 ng/ml 95.5% 64.1% 51.1%

MELD score≦9 97.8% 77.8% 67.0%  < 0.001

MELD score > 9 94.1% 63.9% 48.0%

HBsAg negative 95.6% 69.8% 55.2% 0.074

HBsAg positive 97.3% 75.9% 66.2%

Anti-HCV negative 96.1% 72.5% 59.9% 0.735

Anti-HCV positive 96.5% 72.1% 59.6%

Age≦ 65 years 95.9% 73.5% 63.3% 0.051

Age > 65 years 96.6% 70.9% 55.6%

Table 1.  Clinical factors related to actuarial overall survival of patients undergoing radiofrequency ablation 
for early‐stage hepatocellular carcinoma. BCLC Barcelona clinic liver cancer, AFP α-Fetoprotein, MELD 
The model for end-stage liver disease, HBsAg hepatitis B surface antigen, HCV hepatitis C virus, OS overall 
survival.

 

Fig. 3.  Kaplan–Meier curves for recurrence-free survival.
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was 67.1%, increasing to 91.0% after 2 years (Fig. 5); for BCLC stage A, the 5-year OS was 55.0%, rising to 86.0% 
(Fig. 6); for AFP < 20 ng/mL, the 5-year OS was 65.1%, increasing to 88.6% (Fig. 7); and for AFP ≥ 20 ng/mL, the 
5-year OS was 51.1%, with a conditional OS of 87.6% (Fig. 8). Among patients with a MELD score ≤ 9, the 5-year 
OS was 67.0%, improving to 92.1% after 2 years (Fig. 9), while those with MELD > 9 had a 5-year OS of 48.0%, 
which increased to 81.6% conditionally (Fig. 10). These findings highlight that CS provides a more accurate and 
encouraging prognosis for patients who have already surpassed early survival milestones.

The CS of the entire study population showed an increase in the first three years and a decrease from the 
fourth year onward. The three-year CS of patients with a MELD score of ≤ 9 was always higher by at least 6.3% 
than that of patients with a MELD score of > 9 except in the third year after RFA. Unlike the MELD score, which 
is related to liver function reserve, tumor factors were associated with shortening survival only in the first two 
years. From the third year after RFA, the probability of survival of patients with a more advanced tumor stage 
(i.e., BCLC stage A) or aggressive tumor biology (i.e., AFP ≥ 20 ng/ml) was very similar to that of patients with 
less advanced tumor stages (i.e., BCLC stage 0) or with indolent tumor biology (i.e., AFP < 20 ng/ml). Differences 
in three-year CS of patients with BCLC stage A cancer started to diminish from the third year onward: the 

Fig. 5.  Three-year conditional survival (CS3) compared with actuarial overall survival (OS) for patients with 
BCLC stage 0.

 

Fig. 4.  Three-year conditional survival (CS3) compared with actuarial overall survival (OS) for all patients.
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probability of surviving an additional three years, given that such patients have already survived three years, was 
only 0.5% less than that of BCLC stage 0 patients. Similarly, two years after RFA, the probability of patients with 
AFP ≥ 20 ng/ml surviving an additional three years was only 0.8% less than that of patients with AFP < 20 ng/ml 
and remained stable in the following years (Table 2).

Discussion
Radiofrequency ablation is a curative treatment option for early-stage HCC, but the rate of recurrence is high 
after RFA1–3. Recurrence (except local recurrence) in the first two years after RFA is presumed to represent 
metastatic dissemination of the initially ablated tumor18–20 and carry a worse prognosis. In contrast, recurrence 
beyond two years is presumed to be de novo tumors, which suggests better prognosis21. Therefore, the survival 
estimates made at the time of HCC diagnosis do not accurately predict the survival of a given patient as time 
passes.

Fig. 7.  Three-year conditional survival (CS3) compared with actuarial overall survival (OS) for patients with 
AFP < 20 ng/mL.

 

Fig. 6.  Three-year conditional survival (CS3) compared with actuarial overall survival (OS) for patients with 
BCLC stage A.
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To the best of our knowledge, this is the largest study to date to examine the CS pattern of early-stage HCC 
in patients undergoing RFA. We showed that tumor features, such as BCLC stage and AFP level, were indeed 
predictors of survival as expected, but only in the first two years, which is compatible with the concept of early 
recurrence having a strong impact on OS. In contrast, surrogate markers of liver function reserve, such as the 
MELD score, predicted survival at all time points. Cucchetti et al. obtained similar results. They enrolled 300 
consecutive cirrhotic patients who underwent HCC resection. The five-year CS of patients with a MELD score 
of < 9 was always higher by at least 5.5% than that of patients with a MELD score of ≥ 9. In contrast, tumor factors 
shortened survival only in the first two years. On the other hand, two years after liver resection, the probability of 
survival of patients with adverse pathological tumor characteristics (i.e., tumor–node–metastasis [TNM]22 T3, 
tumor grade23 3 or 4, or the presence of microscopic vascular invasion [MVI]) was very similar to that of patients 
without adverse pathological tumor characteristics (i.e., TNM T1–2, tumor grade 1 or 2, or absence of MVI)8.

Facciorusso et al. enrolled 125 very early/early HCC patients treated with RFA.

Fig. 9.  Three-year conditional survival (CS3) compared with actuarial overall survival (OS) for patients with 
MELD score ≤ 9.

 

Fig. 8.  Three-year conditional survival (CS3) compared with actuarial overall survival (OS) for patients with 
AFP ≥ 20 ng/mL.
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Age, Child–Pugh class, AFP, and Cancer of the Liver Italian Program (CLIP) score24 were significant 
predictors of OS. Age and Child–Pugh class were significant predictors of CS at all time points, while the CS of 
subgroups stratified by AFP and CLIP did not differ significantly from the third year onward after RFA7. The 
results of Facciorusso et al.7 were similar to our findings. While surrogate markers of liver function reserve (i.e., 
MELD score in our study and Child–Pugh class in Facciorusso et al.7) were significant predictors of CS at all time 
points, tumor factors (i.e., BCLC stage and AFP level in our study and AFP level and CLIP stage in Facciorusso 
et al.7) did not differ significantly from the third year onward after RFA.

In Facciorusso et al.’s study, the distribution of patients with CLIP scores of 0, 1, and 2 was 70 (56%), 48 
(38%), and 7 (6%), respectively7. Their enrollment of Child–Pugh class B patients may explain why the CLIP 
score was associated with OS7. We did not enroll Child–Pugh class B patients due to limited life expectancy in 
patients with decompensated cirrhosis if they did not undergo liver transplantation. Due to the extreme shortage 
of deceased organ donors in Taiwan, only 20 (2.5%) patients underwent salvage transplantation in our study.

Several studies have investigated post-ablation outcomes beyond the use of CS. Prior research has proposed 
predictive models for early recurrence following RFA for hepatocellular carcinoma (HCC)25–28. For example, Cha 
et al.27 developed a model incorporating variables such as age, albumin–bilirubin (ALBI) grade, AFP, protein 
induced by vitamin K absence or antagonist-II (PIVKA-II), and imaging features suggestive of microvascular 
invasion (MVI). Ni et al.28 included tumor number, neutrophil-to-lymphocyte ratio, contrast-enhanced 
ultrasound findings, and AFP level in their predictive model. Xin et al.26 used the systemic inflammation response 
index (defined as neutrophil count × monocyte count / lymphocyte count), AFP, tumor number, and tumor size. 
Yang et al.25 identified multiple tumors, along with AFP, gamma-glutamyltransferase, and serum albumin levels, 

Variables

Time elapsed since RFA (%)

0 year 1 year 2 year 3 year 4 year 5 year

All patients 72.3% 76.4% 88.1% 99.7% 89.7% 81.4%

BCLC stage 0 78.9% 82.4% 91.0% 100.0% 90.7% 82.0%

BCLC stage A 68.1% 72.5% 86.0% 99.5% 89.0% 80.7%

d 0.08 0.14 0.15 0.13 0.13 0.12

AFP < 20 ng/ml 77.4% 80.9% 88.6% 100.0% 90.5% 83.1%

AFP ≧20 ng/ml 64.1% 69.3% 87.6% 99.2% 88.1% 77.9%

d 0.07 0.26 0.26 0.24 0.25 0.21

MELD score ≦9 77.8% 81.1% 92.1% 100.0% 91.8% 84.5%

MELD score > 9 63.9% 68.9% 81.6% 99.2% 85.5% 75.1%

d 0.18 0.19 0.22 0.22 0.24 0.22

Table 2.  Three-year conditional survival of patients undergoing radiofrequency ablation for early‐stage 
hepatocellular carcinoma, stratified by risk factors. BCLC Barcelona clinic liver cancer, AFP α-Fetoprotein, 
MELD The model for end-stage liver disease, RFA radiofrequency ablation.

 

Fig. 10.  Three-year conditional survival (CS3) compared with actuarial overall survival (OS) for patients with 
MELD score > 9.
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as key predictors. These studies consistently emphasize that early recurrence—defined as recurrence within the 
first two years after RFA—is a major determinant of long-term survival18–20.

The strength of the present study is its large sample size and our enrollment of only Child–Pugh class A 
patients. However, it is also limited by being a retrospective single-center study.

Conclusion
The three-year CS calculation showed that patients ablated for BCLC stage A or with AFP ≥ 20 ng/ml experienced 
the same survival probabilities as patients with BCLC stage 0 or AFP < 20 ng/ml from the third year onward after 
RFA. The three-year CS of patients with a MELD score of ≤ 9 was always better than that of patients with a MELD 
score of > 9. This information could be used for dynamically predicting the prognosis of patients undergoing 
RFA for early-stage HCC.

Data availability
This cohort’s raw data are available via the following digital object identifier: [​h​t​t​p​s​:​​/​/​w​w​w​.​​d​r​o​p​b​o​​x​.​c​o​m​/​​s​c​l​/​f​​i​/​w​
f​f​c​​u​x​k​7​z​c​​7​9​p​t​9​v​​n​2​2​u​b​​/​c​o​n​d​i​​t​i​o​n​a​l​​-​s​u​r​v​i​​v​a​l​-​R​​F​A​.​x​l​s​​x​?​r​l​k​e​​y​=​y​l​f​0​​0​p​c​2​h​e​u​x​u​b​b​s​e​b​5​z​k​s​2​3​9​%​2​6​d​l​=​0].
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